Acute upper gastrointestinal bleeding (UGIB) is an urgent condition that requires close observation and prompt treatment to prevent mortality. Various treatment modalities such as surgical resection, endoscopic therapy (ET), embolization, and radiotherapy can be considered for management of UGIB. In patients with tumor bleeding, optimal hemostasis can be achieved by resection; however, patients with advanced-stage malignancies are frequently poor candidates for resection. In addition, there is a greater risk of recurrent UGIB in patients with a malignant tumor.
ABSTR AC T
Background and study aims Despite use of various endoscopic therapies in patients with tumor-related bleeding, various rates of successful immediate hemostasis and short-term rebleeding have been reported. We aimed to evaluate preliminary results of use of the EndoClot polysaccharide hemostatic system (PHS) in patients with acute upper gastrointestinal bleeding (UGIB) from a gastric malignancy.
Patients and methods
We retrospectively analyzed data from a prospectively collected database of 12 patients with acute UGIB from a gastric malignancy who had been treated with EndoClot PHS. The EndoClot air compressor was used to propel 2 g of absorbable modified polymer particles onto the bleeding site. We checked successful immediate hemostasis, rebleeding events and mortality within 30 days.
Results Twelve patients were enrolled in the study. The median patient age was 72.5 years (range, 57 -89). The initial median hemoglobin level was 6.75 g/dL (range, 5.4 -8.9). The median systolic blood pressure was 114 mmHg (range, 86 -153). Eleven patients had advanced gastric cancer and one patient had a gastrointestinal stromal tumor. The lower body of the stomach was the most common tumor location (58.3 %), and the median tumor size was 40 mm (range, 15 -100). Immediate hemostasis was achieved in all patients, and rebleeding developed in 2 of 12 patients (16 %), 3 and 5 days after treatment. There were no significant Endoclot PHS-related adverse events, and there was no all-cause mortality at 30 days after the intervention.
Conclusions Endoclot PHS represents a new alternative, complementary, and promising therapy for patients with an acute UGIB from a gastric malignancy.

Patients
We retrospectively analyzed data from a prospectively collected endoscopy database of 12 patients with acute UGIB from a gastric malignancy who had been treated with EndoClot PHS between April 2016 and February 2017 at Severance Hospital, Yonsei University College of Medicine in Seoul, Korea.
This preliminary study was designed to evaluate safety and efficacy of EndoClot PHS for treatment of patients with acute UGIB from a gastric malignancy. The inclusion criteria were age ≥ 18 years, presence of hematemesis, hematochezia, or melena, and presence of active bleeding from a gastric tumor observed by endoscopy within 24 hours of hospital admission. Exclusion criteria were known hypersensitivity to starch, presence of a vascular shunt in the body, pregnancy or lactation, and contraindication to undergoing endoscopy.
The primary outcomes of this study were immediate hemostasis and rebleeding events within 30 days of endoscopic treatment. Secondary outcomes were the frequencies of additional surgery or interventions required to achieve hemostasis. Immediate hemostasis was defined as no detectable bleeding from the treated lesion beyond 5 minutes after application of EndoClot PHS.
Rebleeding was defined as recurrence of hematemesis, hematochezia, or melena and a > 2 g/dL drop in the hemoglobin level with recurrent active bleeding observed with endoscopy.
In addition, patient age, gender, American Society of Anesthesiologists score, initial hemoglobin level, hemodynamic stability, amount of transfused packed red blood cells, Forrest classification, tumor type, tumor location, tumor size, previous treatment history, comorbidities, drug usage, Glasgow-Blatchford score (GBS), AIMS65 score, Rockwall score, and adverse event were analyzed. 
Instruments and endoscopic procedure
EndoClot PHS was used as the hemostatic agent. For hemostasis, we used 2 g of the absorbable modified polymer (AMP) particles.
Medical resuscitation was initiated in all patients, and therapeutic esophagogastroduodenoscopy was performed by one experienced endoscopist (JCP).
When the bleeding site was reached, the EndoClot air compressor was used to propel the AMP particles out of the delivery catheter onto the bleeding site ( ▶ Fig. 1 and ▶ Video 1).
Additional established ET techniques including epinephrine injection, argon plasma coagulation, hemoclipping, and electrocoagulation were combined with EndoClot PHS if EndoClot PHS monotherapy was insufficient for achieving complete hemostasis.
After endoscopy, all patients received standard post-endoscopic medical therapy with a continuous infusion of an intravenous proton pump inhibitor (PPI) over 72 hours and continuation of an oral PPI for at least 1 month after the infusion. Routine second-look endoscopy was not performed.
Results
Patient characteristics
Twelve patients were enrolled in the study. ▶ Table 1 and ▶ Table 2 show the characteristics of the enrolled patients. Median patient age was 72.5 years (range, 57 -89) and eight patients were men. The initial median hemoglobin level was 6.75 g/dL (range, 5.4 -8.9). Median systolic blood pressure (SBP) was 114 mmHg (range, 86 -153). One patient had a SBP < 90 mmHg. Median pulse rate was 76.5 /min (range, 57 -107). All patients were categorized as Forrest classification Ib. The lower body of the stomach was the most common tumor location (58.3 %), and the median tumor size was 40 mm (range, 15 -100). Half the patients had received chemotherapy before the bleeding event. Eleven patients had advanced gastric cancer (AGC), and one patient had a gastrointestinal stromal tumor. Three patients were using antiplatelet agents at the time of the bleeding event. Median GBS, AIMS65 score, and Rockall score were 11, 2, and 8, respectively.
Initial hemostasis and rebleeding
▶ Table 3 shows outcomes of our study. Immediate hemostasis was achieved in all patients and none of them required additional intervention or surgery. EndoClot PHS monotherapy was sufficient to achieve hemostasis in 7 of 12 patients. Five patients required combined ET. Rebleeding developed in 2 of 12 patients (16 %), 3 and 5 days after treatment. Both patients had thrombocytopenia with platelet counts of 15,000/μL and 64,000/μL. One of these patients had AGC with multiple bone metastases and had received 13 cycles of capecitabine and cisplatin chemotherapy; however, the tumor had progressed and the patient had recently developed liver metastases around the time of the acute UGIB. The other patient had AGC with adrenal, periureteral, and peritoneal metastasis. The patient ▶ Video 1 Selected case representing use of EndoClot Polysaccharide Hemostatic System (PHS) for acute gastrointestinal bleeding in patients with a gastric malignancy.
▶ Table 2 Detailed characteristics of acute upper gastrointestinal bleeding in patients with gastric malignancy. There were no significant EndoClot PHS-related adverse events, and there was no all-cause mortality at 30 days after the intervention.
Discussion
Patients with acute UGIB and malignancy have a poor prognosis, and substantial blood loss and rebleeding events require repeated hospitalizations [6] . Median survival in these patients is approximately 6 months [7] . To improve survival, it is essential to achieve complete and sustained hemostasis. ET is generally accepted as first-line treatment for all causes of UGIB and it reduces further bleeding, decreases the need for surgery, and decreases mortality [8] .
EndoClot PHS consists of AMPs, which are biocompatible absorbable hemostatic polysaccharides. When applied to a bleeding site, AMPs rapidly absorb water from the blood, causing a high concentration of platelets, red blood cells, and coagulation proteins that accelerates the physiologic clotting cascade. The interaction of AMP particles with blood rapidly produces a gelled matrix that adheres to and seals the bleeding tissue [9] .
Huang et al. first applied EndoClot PHS for control and prevention of endoscopic mucosal resection-related bleeding and showed the safety and simplicity of its application [10] . Additional studies have demonstrated that EndoClot PHS is therapeutically applicable for diffuse or extensive bleeding, difficult-to-access bleeding sites, and as a bridge to surgery when prior attempts at hemostasis have failed [11] .
Our study is the first to examine the usefulness of EndoClot PHS for hemostasis in patients with an acute UGIB from a gastric malignancy. Although the number of study patients was small, immediate hemostasis was achieved in all patients, regardless of the tumor location, type, size, or previous use of antiplatelet agents. Only 2 cases of rebleeding occurred in our 12 patients (16 %). Our data regarding the efficacy of EndoClot PHS in patients with a gastric malignancy bleeding are promising in comparison to other modalities reported in previous studies. ▶ Table 4 summarizes the results of those previous studies. The rate of immediate hemostasis with conventional ET in patients with acute UGIB from a malignant tumor was between 31 % and 100 % [6, 12 -18] . However, extensive effort and time are needed to achieve immediate hemostasis in patients with large bleeding tumors or oozing multifocal bleeding. Rte of rebleeding in previous studies have been reported to be between 33 % and 86 % [6, 12, 15, 17] , which is much higher than that seen in our study (16 %) . In addition, none of the patients in our study developed treatment-related adverse ▶ events such as bowel obstruction or embolism, and the allcause mortality at 30 days was 0 %. Application of EndoClot PHS can disrupt tumor bleeding by accelerating the physiologic clotting cascade and producing a gelled matrix that remains on the bleeding site and protects it from gastric acid. Therefore EndoClot PHS can be applied safely and easily to difficult anatomical positions and can be used to simultaneously cover large multiple bleeding points from a feeding vessel. In contrast to conventional ET, which requires precise localization of the bleeding site and targeted therapy, EndoClot PHS does not require special skill to apply; the current or suspected bleeding lesion is targeted and the AMP particles are propelled onto the lesion. Therefore, the operator does not need to contact the bleeding area, and there is no risk of direct contact inducing secondary bleeding of the tumor. As a result, EndoClot PHS has the advantage of safe and rapid application of hemostatic therapy in comparison to use of conventional ET.
Limitations of our study were the small number of cases and the choice of treatment modality was not determined by the study protocol. In addition, even though most bleeding characteristic of gastric malignancy is oozing type (Forrest Ib), we cannot generalize the efficacy of EndoClot PHS to patients with other Forrest classifications, especially the spurting type Ib because all the patients in our study were categorized as Forrest Ib. Finally, our study did not have a control group for comparison with the EndoClot PHS group, and our data were compared with that of prior studies.
However, despite these limitations, this is the first study providing detailed analysis of use of EndoClot PHS for patients with UGIB from gastric malignancy. Our data demonstrate the efficacy of EndoClot PHS as a new hemostatic method in patients with bleeding from a gastric malignancy. Larger studies with other Forrest classification patients are needed to fully evaluate the efficacy and safety of EndoClot PHS.
Conclusion
In conclusion, EndoClot PHS represents a new alternative, complementary, and promising therapy for patients with acute UGIB from a gastric malignancy.
